The purpose of the following study was to determine the effects of group size and the male-to-female ratio on the sexual and aggressive behaviors of bulls in the context of serving capacity tests. Tests were administered to two groups of 13 and 14 polled Hereford bulls, respectively, under four test conditions in which the number of bulls and the ratio of males to females was varied. The test conditions were as follows: 1) individual tests (single males were exposed to single females), 2) small-group tests (three or four bulls:three females), 3) large-group tests (13 or 14 bulls:3 females), and 4) male-only test (13 or 14 bulls were placed in the test area in the absence of females). In addition, the sexual performance of 44 Hereford and 12 Angus bulls was compared when competing (smallgroup tests) vs not competing (individual tests) for females. Ejaculation rate (serving capacity) was similar in individual and small-group tests in which a male-to-female ratio of approximately 1: 1 was maintained. Increasing the male-to-female ratio to approximately 4.5:l enhanced levels of aggression and reduced overall sexual performance. Angus bulls were more aggressive than their Hereford counterparts when competing for females and exhibited lower (E' < .OS) ejaculation rates in small-group tests than when evaluated individually. We concluded that the sexual performance of polled Hereford bulls can be reliably evaluated when tested in small groups as long as a 1:l male-to-female ratio is approximated. Estimating the serving capacity of bulls may be more difficult in tests with large groups of males, with relatively high male-to-female ratios, or with bulls of other breeds (e.g.. Angus), which result in higher levels of intermale aggressive behaviors.
Introduction
Sexual performance evaluations of bulls (e.g., serving capacity tests) frequently are expedited by simultaneously testing several males in a single enclosure (Blockey, 1981a,b; Lunstra, 1981; Chenoweth, 1983; Crichton and Lishman, 1985; Price et al., 1986; Boyd and Corah, 1988; Boyd et al., 1989; Godfrey and Lunstra, 1989; Nwakalor and Ezinma, 1989) . Requirements of time, labor, and facilities generally are less when testing bulls in groups rather than individually. In addition, sexual activity may be enhanced by the presence of other males (Lunstra, 1981) as long as the bulls are not crowded, the stimulus females are not spaced too closely together (Lane et al., 1983) , and(or) dominant-subordinate relationships are not highly polarized, as in mixed-age bull groups (Blockey, 1979) .
The dominant-subordinate relationships of yearling, beef bulls generally are unstable and are not expressed as intensely by yearlings as by older bulls (Blockey, 1979 . Agonistic behavior in groups of three to five yearling bulls, when competing for two to four females restrained a minimum of 5 m apart, is sufficiently mild not to significantly affect their serving capacity scores (Blockey, 1981b.c; Crichton and Lishman, 1985; Lunstra, 1986 ). However, negative correlations between aggression and serving capacity have been obtained when bulls were allowed to fight during relatively short (10-min) sexual performance tests (Olegun et al., 1981) .
The purpose of the following study was to investigate the effects of group size (number of bulls) and the male-to-female ratio on the sexual and aggressive behaviors of relatively young Hereford bulls in the context of sexual performance (serving capacity) evaluations. Treatments included a higher male-to-female ratio (13 or 14 males:3 females) than has been previously used. Also, a breed comparison was made possible by testing herds of polled Hereford and Angus bulls.
Materials and Methods

Animals. The subjects were 73 polled
Hereford and 12 black Angus bulls and 16 ovariectomized Hereford heifers. Twentyseven of the Hereford bulls (UC Davis herd) were born in two consecutive years and reared as separate groups of 13 (A) and 14 (B) individuals. The 16 heifers were also born in consecutive years and reared similarly to the bulls. Rearing of these subjects was described in greater detail in Price and Wallach (1991) .
The remaining 46 Hereford and 12 Angus bulls were reared at the Antonio Mountain Ranch near Roseville, CA. The age range of the latter polled Hereford bulls was 146 d; 82 d separated the youngest and oldest Angus bulls. The subjects were weaned at approximately 7 mo and were subsequently reared on variable-size pastures with breeds segregated.
Testing. Groups A and B were tested for sexual behaviors every 3 mo from 3 to 24 mo of age (F'rice and Wallach, 1991) . At 3 and 6 mo, before reaching sexual maturity, the subjects were exposed in p u p s of 13 (group A) and 14 (group B) individuals to two hormone-induced estrous females, one re strained (Price, 1987) and the other unrestrained, for two 120-min tests administered 4 d apart in a 10-x 20-m enclosure. The observer recorded mounts and mount attempts directed at the estrous females. At 9, 12, 15, 18, 21, and 24 mo, these bulls were tested in a 12 x 24-m arena under each of the following four treatment conditions: individual tests (40 min), in which single males were exposed to single females; small-group tests (40 min), in which three or four bulls were exposed to three females restrained approximately 7 m apart; large-group tests (120 min), in which 13 or 14 bulls were exposed to three restrained females; and all-male tests (120 min), in which 13 or 14 bulls were placed in the test arena in the absence of females. Sexual behaviors recorded during these tests that were relevant to this report included mount attempts, mounts without ejaculation (M), and mounts with ejaculation (E). From these data, a measure of serving efficiency was computed by dividing E by E plus M. Aggressive behaviors recorded included sparring, butts directed at conspecifics in the act of mounting, and other butts and displacements. More detailed descriptions of these behaviors were discussed previously (Price and Wallach, 1991) . Eight tests were administered 2 to 3 d apart in the following order at each of the aforementioned ages: 1) individual test, 2) small-group test, 3) largegroup test, 4) large-group test, 5) small-group test, 6) individual test, 7) males-only test, and 8) males-only test.
Differences between individual and smallgroup tests reflected the effects of group size on sexual performance because the male-tofemale ratio was approximately the same (1:l) in each case. Differences between small-group and large-group tests reflected the importance both of group size (3 or 4 vs 13 or 14 bulls, respectively) and of the male-to-female ratio (approximately 1:l vs 4.5:1, respectively). Differences between large-group and maleonly tests were attributed to the presence (or absence) of females.
Antonio Mt. Ranch bulls were given two individual 15-min sexual performance tests, 7 d apart, when the bulls averaged 13,18, and 24 mo of age. A single small-group test (four bulls:three females), also 15 min in duration, was administered to all the bulls 7 d after the last individual test when they were 24 mo old. Sexual behaviors recorded included flehmen (lip curl) responses, mount intentions (one front foot is raised as if the animal is going to mount), mount attempts (both front feet are raised off the ground), mounts without ejaculation, and mounts with ejaculation (see Price and Wallach, 1991 for more detailed descriptions of these behaviors). peak of libido (18 mo), and had the most sexual experience (24 mo). Log transformations of the data were made when variances were not homogenous. Mean comparisons of the least squares means were conducted using t-tests, with probabilities adjusted for the number of comparisons. The effect of the presence (or absence) of females on the incidence of male-male mounting was assessed by comparing data from 120-min largegroup and male-only tests administered to group B bulls at 9 to 24 mo of age. A two-factor (test type and ages) repeated measures analysis of variance was used with ttests for comparing means.
The effect of an increase in group size and the male-to-female ratio on the aggressive behavior of UC Davis bulls was analyzed by comparing data from small-group tests (40 min) and the first 40 min of both large-group and male-only tests administered to group B bulls. Data used were limited to tests at 12, 18, and 24 mo and were analyzed using a twofactor (test type and ages) repeated measures analysis of variance test.
The effect of group testing on the sexual performance of Antonio Mt. Ranch bulls was assessed by comparing data from the two test types (individual and small-group tests) administered at 24 mo to both Hereford and Angus bulls. A two-factor (test type and breed) analysis of variance was used for these comparisons. Breed differences in aggressive behaviors during small-group tests were analyzed using t-tests.
Results
The effect of group size and the male-tofemale ratio (test type) on the sexual performance of UC Davis bulls is summarized in Table 1 . Test type effects were found for mount attempts (P c .04), mounts without ejaculation (P < .025, ejaculations (P < .001), and serving efficiency (P < .001). Individual and small-group tests yielded similar frequencies of mounts (without ejaculations), ejaculations, and serving efficiency, but frequencies of these variables generally were lower (P c .OS) in large-group tests ( The effect of the presence (or absence) of females on the frequency of homosexual mounting is summarized in Table 2 . Male male mounting (including mount attempts) was more frequent (P < .001) in 120-min male-only tests than in 120 min large-group tests administered to Group B bulls at 9 to 24 mo of age. Test type interacted (P < .001) with age; differences were greatest at 9 and 24 mo.
The effect of group size and the male-tofemale ratio (test type) on the frequency of aggressive behaviors exhibited by UC Davis bulls is summarized in Table 3 . Test-type effects were found for sparring, butts while mounting, and other butts/displacements (P < .001, in all cases). Male-only tests yielded the fewest aggressive interactions (P < .05) for all variables recorded. Sparring was more common (P < .OS) in large-group than in smallgroup tests. "Butts while mounting" and "other butts/displacements" did not differ between large and small-group tests.
The effect of group testing on the sexual performance of Antonio Mt. Ranch bulls at 24 mo is summarized in Table 4 . Flehmen and mounts (without ejaculation) were exhibited more frequently (P < .025, in each case) in individual than in small-group tests. Main effects for breeds (Hereford vs Angus) were not significant, but test type x breed interactions were obtained for mount intentions (P < .01) and ejaculations (P e .00l). Testing Angus bulls in small groups, rather than individually, increased the frequency of mount intentions and decreased the frequency of ejaculations. The frequency of mount intentions and ejaculations of the Antonio Mt. Hereford bulls did not differ between individual and small-group tests. Angus bulls were more aggressive toward one another than Hereford bulls were in small-group tests (P < .05; Table 5 ).
Discussion
The ejaculation rate and serving efficiency of the Hereford bulls were similar in individual and small-group tests. We concluded that testing small groups of young, same-age, sexually experienced bulls of this breed does not depress their sexual performance as long as a 1:l male-to-female ratio is maintained and the stimulus females are restrained an appr+ priate distance apart (7 m in this study). As in the present study, Moms (1987) found no difference in the serving capacity of young Santa Gertrudis bulls tested individually (one bull and five restrained, nonestrous females) vs in small groups (three bulls and four K strained, nonestrous females). In contrast, Lane et al. (1983) reported that the sexual pedormance of bulls was greater when tested individually rather than in groups of six males.
Behavior
Hereford Angus SPamhg 1.87 f .53' 15.00 f 2.16b Butts while mounting 3 3 f .12a 2.33 f .38b Otherbutts/displacements 1.09 f .31a 3.08 f .81b ' h o w means with different superscripts diffa (P < .05).
However, they noted that intermale aggression and interference with copulation was increased in their group tests due to spacing the stimulus females only 2 m apart.
Sexually inexperienced bulls may benefit from the social facilitation provided by small groups of males. Lunstra (1981) reported that the sexual performance of sexually inexperienced, 15-mo-old bulls was greater when tested in groups of three or five males than when tested individually. In individual tests administered by Lunstra, 79% of the bulls mounted and 47% ejaculated, whereas in groups of three males, 89% mounted and 73% ejaculated. In the present study, the percentage of bulls that mounted and ejaculated in individual tests at 15 mo were 100% and 78%, respectively. Perhaps sexual experience, in the present study, compensated for the lack of social stimulation in the individual tests.
Sexual performance can be depressed by relatively frequent or prolonged bouts of aggression such as that observed in large group tests in which group size and the maleto-female ratio was approximately 4.5 times greater than in the small-group tests. The incidence of sparring in large-group tests was nearly double the rate in small-group tests; nonsignificant increases in "butts while mounting" and "other butts/displacements" were also noted.
The efficacy of testing polled Hereford bulls in small groups may not apply to other breeds or populations (e.g., Angus, homed Herefords). The ejaculation rate of Angus bulls from the Antonio Mt. Ranch was reduced when they were tested in small groups. The frequency and intensity of aggressive interactions exhibited by these bulls when competing for females were substantially greater than for their polled Hereford counterparts from the same ranch. Mount intention movements by these Angus bulls would consistently precipitate attacks from other males in close proximity, thus preventing mounting and, thereby, ejaculation.
Allowing sufficient space between the stimulus females in multimale serving capacity tests should reduce the frequency of agonistic interactions and more subtle forms of interference between males and, thus, improve the reliability of sexual performance scores. However, bulls will sometimes congregate around a single female even when females are widely spaced and a 1:l male-to-female ratio is maintained. If intermale competition becomes too intense under such conditions, bulls may elect to disperse (i.e., redistribute themselves to unclaimed females). When bulls are reluctant to disperse, it may be appropriate for animal handlers (on foot or on horseback) to prevent them from congregating and(or) to terminate prolonged or intense aggressive interactions. An alternative plan is to test several bulls in individual side-by-side pens where the animals are able to view one another (Garcia et al., 1986) .
The well-being of female stimulus animals may be jeopardized when large numbers of bulls are allowed to congregate around and repeatedly service certain individuals. Largegroup tests, such as those employed in the present study, greatly increase the probability that one or more stimulus females will receive inhumane treatment. Hence, serving capacity tests involving groups of more than five or six bulls should be avoided.
The animals used in this study were relatively young (2 yr or less) and had been reared together (i.e., were familiar with one another) in same-age groups. Considering that each of these conditions (young age and longterm cohabitation) tends to minimize the frequency and intensity of agonistic interactions (Kilgour and Campin, 1973) , sexual performance in small-group tests might have been considerably lower if the subjects had been older (3 yr or more), mixed in age, and(or) unfamiliar with one another (Blockey, 1979 .
Flehmen responses and mounts without ejaculation were exhibited less frequently in small-group tests than in individual tests by both Hereford and Angus bulls at the Antonio Mt. Ranch ( Table 4 ). Considering that the ejaculation rate of Hereford bulls did not decline in small-group tests, one could propose that the flehmen response is superfluous to the sexual performance of bulls of this breed in the context of serving capacity tests and that competition for females improves their serving efficiency. However, this latter hypothesis (i.e., regarding serving efficiency) was not supported by data obtained with the UC Davis bulls (Table 1) .
Male-male mounting frequency was lower when males were competing for females (large-group tests) than when they were placed in the test arena in the absence of females (males-only test). Price et al. (1988) , working with male sheep, also noted that malemale mounting is more frequent in the absence of females. Why this treatment difference was greatest at 9 and 24 mo of age in the present study is not clear.
Obtaining data on aggressive behaviors in male-only tests served as a useful control in assessing the effect of competition for females on the frequency of aggressive interactions. Interestingly, males almost never butted other bulls in the act of mounting a male penmate.
When interacting with females, however, the slightest mount intention movement (directed toward a female) often initiated an attack by a nearby bull. This result suggests that the motivation to mount other males is not as strong as the motivation to mount females.
Implications
The administration of serving capacity tests to beef bulls requires less time and labor and fewer facilities when bulls are tested in groups rather than individually. The serving capacity of polled Hereford bulls was not reduced when tests were conducted with groups of three or four young, same-age animals, a 1:l male-tofemale ratio was maintained and the females were spaced an adequate distance apart. Estimating the serving capacity of bulls may be more difficult in tests with larger groups, higher male-to-female ratios or other breeds of bulls (e.g., Angus), which result in higher levels of intermale aggressive behaviors. Relatively large groups of males and high male-tofemale ratios may also jeopardize the wellbeing of stimulus females and should be avoided.
